Introduction
Osteotomies performed in the management of nonunions can be classified into three types [1]: -Intrafocal osteotomy (performed at the nonunion site: it consists essentially of the resection of the entire area around the nonunion); -Transfocal osteotomy (performed through the nonunion site to reshape the bone ends: it is indicated for nonunions with a longitudinal or oblique fracture line); -Parafocal osteotomy (Paltrinieri's osteotomy, performed some centimeters from the nonunion site). In this chapter the original idea by Paltrinieri (parafocal osteotomy) and the indications for this technique are described and discussed.
Parafocal Osteotomy
In the 1960s Paltrinieri described a personal operative technique that had not previously been described in the literature [2, 3] . According to this technique, it was possible to stimulate the osteogenic potential of the bone in cases of delayed union or nonunion and obtain healing of the nonunion through a single or double osteotomy performed some centimeters away from the nonunion level, proximal or distal to the lesion.
In such cases osteotomy has a dual role: (1) to remove all mechanical stimulation from the nonunion site, transferring it to the osteotomy, and (2) to reestablish the axis to normal by correcting single or complex deformities. In this manner well-vascularized bone tissue can be deposited, substituting the formerly nonvascularized connective tissue interposed between the bone ends.
Paltrinieri developed this technique when attempting to treat a tibial nonunion in a 48-year-old man. This patient was affected by a left tibial nonunion, as a consequence of an open fracture sustained 2 years previously during a road accident, and had previously been treated with osteosynthesis, without healing. That nonunion caused a severe varus and recurvation leg deformity.
Paltrinieri performed a tibial osteotomy to correct the deformity and immobilized the limb in a cast. Three months later, he surprisingly noticed that the nonunion had healed, refuting the dominant idea that nonunions are irreversible. In Paltrinieri's opinion the mechanical moment is the main event in determining the lack of fracture consolidation, and therefore healing could be achieved by resting the nonunion site. The operation indeed produces a perfect immobilization of the nonunion site, protecting it from any mechanical stress; moreover, it facilitates the contact between the bone ends and the renewal of the physiologic pressure stimulus, and eliminates flexion and torsion tibial movement (improved by fibular integrity, which works as a lever), which have a detrimental effect on bone healing. To this mechanical or passive effect, a biological or active effect was added, consisting in stimulation of osteogenic mesenchyma.
In brief, the bone healing process ends at the nonunion site, but the creation of a new fracture site stimulates the regenerative capability of the former site.
Surgical Technique
The operative technique for parafocal osteotomy is simple: for tibial nonunion a short skin incision is performed, taking care not to tear soft tissues; then the periosteum is cut and carefully separated from the cortical bone. For nonunion of other long bones, the technique is similar, but the soft tissues must be carefully dissected to reach the bone.
The osteotomy is performed 3-6 cm away from the nonunion site and preferably with an osteotome rather than a motorized saw, to avoid the risk of bone tissue necrosis. The osteotomy level is chosen according to certain considerations: areas of dystrophic skin and areas with phlogosis or infection are to be avoided. Moreover, the osteotomy must be performed at a healthy bone level, and radiograms may help exclude areas involved in nonunion or those with osteoporosis, sclerosis, with a closed medullary canal, or previously affected by inflammation.
The osteotomy requires immobilization so that the anatomical axis of the bone segment is maintained during healing. For this, Paltrinieri used a cast. Umiarov [4] suggested the use of a parafocal osteotomy associated with
